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STABLE CARBON IS-OTOPE ANALYS-IS-:
THE ONTARIO EXAMPLE
Jim Sherratt
"For many of our ancestors, skeletal
analysis is one of the only ways that
they are able to us their
stories ...these individuals have
found one last way to speak to us
about their lives (Feder 1997:80)"
-Dorothy Lippert
Choctaw native and anthropologist
The phrase "you are what you
eat" has certainly become a cliche',
especially for physical anthropologists
interested in paleodiet. Trace elemental
analysis and stable isotopic analysis have
demonstrated that the consumption of
specific foods results in a recognizable
signature in the chemical make-up of
living organisms. Chemical analysis
techniques have allowed researchers to
support prior hypotheses related to
paleodiet and have further enabled
researchers to propose a number of new
hypotheses. Stable isotope analysis, and
specifically stable carbon isotope
analysis, can be used to reconstruct the
diet of prehistoric animals and humans.
A number of questions can be addressed
through the analysis of stable carbon
isotopes. The distinction can be made
between certain types of plants that fix
carbon by different photosynthetic
processes (C3 and C4 plants). The
technique can then be used to quantify
the amounts of C3 and C4 plants in the
diet of animals and humans. From the
quantification of the amounts of C3 and
C4 plants in a particular diet, one can
produce an assessment of the dependence
of a particular population upon C3and C4
plants. The analysis of stable carbon
isotopes has taken an important role in
the debate surrounding the timing of the
introduction of maize to various parts of
the Americas and the level of
dependence upon maize that existed in
prehistoric populations. A number of
important studies have been undertaken
in various regions of the Americas. The
work of Van der Merwe and Vogel in the
northeastern United States, Christine
White in Mesoamerica and Katzenberg
and Schwarcz in Ontario are prominent
examples. This paper is a critical analysis
of stable isotope analyses done on
sample populations from Ontario,
Canada. Reference will be extended
beyond the Ontario example when
necessary to expand upon the limited
material available for Ontario. Further, a
number of questions can be asked about
the application of stable carbon isotope
analysis to the archaeological record in
Ontario.
BRIEf HISTORY AND THEORY Of STABLE
lS-oToPE: ANALV)IS-
The success of the stable isotope
analysis is dependent upon the fact that
stable isotopes maintain their form,
unlike unstable isotopes which
deteriorate at a measurable rate (thus the
usage of C14 in dating). The application
of the analysis of stable carbon isotopes
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to studies of human diet has been applied
to a number of groups of people
spanning modem populations (see
O'Connell and Hedges 1999) to ancient
populations. For an idea of the breadth of
the applicability of stable isotope
analysis one has only to skim through the
bibliography of any paper dealing with
the topic. The analysis of stable carbon
isotopes in relation to human diet began
with Vogel and van der Merwe (1977),
van der Merwe and Vogel (1978) and De
Niro and Epstein (1978) dealing with
studies of North American populations.
Specific to the current work, stable
carbon isotope analysis has been applied
to the Ontario archaeological record
since 1979. The analysis of stable carbon
isotopes has been undertaken by M.
Anne Katzenberg of the University of
Calgary and Henry P. Schwarcz of
McMaster University. Both authors,
independently and in collaboration, have
published a number of papers
(Katzenberg 1984; 1989; 1992a; 1992b;
1993; Schwarcz 1990; Schwarcz et
a1.1985; 1995) related to the analysis of
stable isotopes and the applicability of
this type of analysis to the archaeological
record from Ontario. Katzenberg and
Schwarcz have written works that deal
with both human and faunal remains in
order to address a number of issues
related to the paleodiet of these groups
and the interrelationships between them.
The isotopic composition of bone
collagen is argued to be an index of the
isotopic composition of the diet of the
individual from whom the collagen was
extracted (Schwarcz et al. 1985:189).
The values obtained for the stable
isotopic composition of bone and tooth
collagen are not directly equal to the
isotopic composition of the diet of the
organism, but rather a measurable offset
value. For example, there is
approximately a +5%0 fractionation
factor from diet to collagen in large
mammals (van Merwe 1982, quoted in
Katzenberg 1989:320). A caution must
be noted that carbon isotopic analysis is
brought forth in correlation with other
techniques such as nitrogen and oxygen
isotope analysis, strontium and other
trace elements rather than independently.
Bone collagen reflects a number of
sources of carbon. The consumption of
C3 plants, C4 plants, C3 consumers and
C31 C4 consumers contribute to carbon
values in bone and tooth collagen.
C3 (Calvin-Benson
photosynthetic cycle) plants are those
plants in which a three-carbon molecule
is formed (Katzenberg and Schwarcz
1986:17) during one stage of
photosynthesis. C3 plants include most of
the species of plants in Northeastern
North America, with the notable
exceptions of Amaranth (Yarnell 1982,
quoted in Schwarcz et al. 1985:188) and
some species of Chenopodium (Schwarcz
et al. 1985: 188).
C4 [Hatch-Slack cycle] plants are
those plants that fix carbon by a different
pathway in which a four-carbon
molecule is formed (Katzenberg and
Schwarcz 1986:17). C4 plants include
millet, maize, sugar cane and some
species of Chenopodium (Katzenberg
and Schwarcz 1986:17). C4 plants are
enriched in the heavier stable isotope of
carbon in comparison to C3 plants. Thus,
the ratio of l3C/l2C is higher in C4 plants.
(Katzenberg and Schwarcz 1986: 17).
Having established the difference
between the methods in which particular
plant species fix carbon, there follows
the understanding that there is a selective
process related to carbon molecule
fixation for the different types of plants
results in 8l3C values that are measurably
different. For example, consumption of
C4 plants will result in heavier 8l3C
values (Katzenberg 1989:319). The
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consumption of marine foods will also
result in heavier 813C values (Katzenberg
1989:319). Variations in the abundance
of stable isotopes in organic or inorganic
materials represented as deviations in per
mil (0/00)of the relevant isotope ratio
from that of a standard:
8 13e = [( 130'12C sample/ 13CI12C standard) -1] X
1000
Stable isotope ratios are expressed
relative to the PDB (peedee belemnite)
marine limestone for carbon and
atmospheric N2 (AIR) for nitrogen, using
the delta (8) notation in parts per mil
(%0).
Average values expected for
certain types of plants have been
established through experimentation. C3
plants have a mean value of -26%0;C4
plants' mean value is approximately -
13%0 to -9%0 (De Niro and Epstein
1982:347, quoted in Schwarcz et al.
1985:195). Consumers of C3 and
consumers of a combination of C3 and
C4 plants have also been subject to study
and averages have roduce values that are
widely divergent from the expected
levels and thus must be considered in any
analysis of stable isotopes. Examples of
such a divergent value are those of the
fish species walleye and certain species
of waterfowl (Katzenberg 1989). Marine
organisms have 813C values similar to
those of consumers of C4 plants.
Values have been assigned for
individual species of plants as well.
Specific to the current analysis, Maize
values have been determined by a
number of researchers. Schwarcz et al.
(1985) assign a mean value of -9.1±0.3%0
for maize representing a time span of 700
A.D. to 1580 A.D. (See Table 1).
Van der Merwe and Vogel have
argued for a value of -12.5%0;Smith and
Epstein -140/00; Bender et al. -11.3%0
and; De Niro and Epstein -8.80/00
(Schwarcz et at. 1985:195). The natural
variation in carbon isotope values has
been examined by Tieszen (1991).
Tieszen concludes that there is a
variation as great as 30/00. Tieszen
examines a variety of environmental
factors that affect the carbon ratios in
plants (i.e., seasonal element, soil
particle size, and so on) [Tieszen
1991:245]. Thus when presenting values,
the standard appears to be to give a range
of values rather than a specific value.
Porteous
Van Besien
Boys
Gunby
Coulter
700 -8.8
900-940 -8.7
990 -9.3
1320 -8.8
1580 -9.2
-9.8
-8.9
-9.0
-9.1
Modem
dried at 90 e
charred 400 e
-10.5+/-0.1
-10.8+/-0.8
Table 1. Carbon isotopic composition of
Zeamays
~AMPLE PREPARATIONAND ANAlYTICAl..
MEJHO~
There are a number of methods
used in the preparation and analysis of
bone and tooth samples. Longin's
method (1971) is often used as the basis
for preparation with the modification by
Chisholm et al. (1982) [Katzenberg
1989]. De Niro and Epstein (1981) also
suggest a modification to the Longin
method (Katzenberg 1989; 1995).
Katzenberg (1993) also uses the method
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described by Schoeninger and De Niro
(1984). The major addition to the initial
formulation by Longin is a soak in
NaOH for 20 hours. It is recognised that
a small amount of substance is lost in this
process, but the benefit of its application
is felt to outweigh that loss. "In general,
use ofNaOH is recommended because it
is preferable to remove a small amount
of collagen rather than include unknown
amounts of extraneous organic material
with unknown isotopic composition in
prehistoric samples" (Katzenberg et al.
1995). The removal of a number of
contaminants from the sample by the
soak is beneficial to the overall result
(De Niro and Epstein 1981; Katzenberg
1989; Katzenberg et al. 1995). Christine
White has used the example of the use of
a laser ablation to produce the sample to
illustrate the concerns with changing
methods from study to study and the
effect this would have on the results.
She concludes that there is a possibility
of the new procedure having an effect,
but the effect would be minimal (White
1999). The benefits of laser ablation in
the reduction in the amount of material
destroyed and the reduction in processing
time are important factors in the
experimentation with this new process
(White 2000).
A DI~CU~~IONOF THE: APPUCATIONOF
ITABLE: I~OTOPE: ANf\lV~I~ TO THE:
ONTARIO ~E:QUE:NCE:
M. Anne Katzenberg and Henry
P. Schwarcz have produced a number of
studies in relation to the Ontario
archaeological record. The analysis of
stable carbon isotopes has been applied
both to human, animal, modem and
prehistoric samples by Katzenberg and
Schwarcz. Five studies by Katzenberg
and Schwarcz have been selected for the
current synthesis (Cormie and Schwarcz
1994; Katzenberg 1989; Katzenberg et
al. 1993; 1995; Schwarcz et al. 1985).
The methodology currently used by
Katzenberg and Schwarcz follows that
described by Ambrose (Ambrose 1990;
1995; Katzenberg et al. 1995). Previous
studies by Katzenberg and Schwarcz
have used a modifiedversion ofLongin's
method (Schwarcz et al. 1985). The use
of different techniques for each study
must be addressed. As discussed
previously, the modifications and
variations between methods are not
significant and thus comparisons can be
undertaken with a high degree of
certainty as to the accuracy of the
comparison.
Schwarcz argues for four
archaeological applications of stable
isotopic analysis: 1) Dietary
homogeneity; 2) Spatial variation; 3)
Temporal variation and 4) Status
variation (Schwarcz 1990). Of the four
applications described by Schwarcz,
status variation and dietary homogeneity
are applications that cannot be effectively
applied to the Ontario sequence. For
example, the historically documented
Iroquois had a strong egalitarian element
to their social organisation. Iroquoian
society cannot be divided into class or
gender components. Katzenberg (1993)
attempted to distinguish whether
preferential access to aspects of
subsistence could be distinguished along
the lines of gender. The result of the
analysis was the conclusion that a
significant difference in the access by
gender to food resources was not present
in the information available through
stable isotope analysis (Katzenberg
1993).
Questions related to a temporal
variation in the consumption of certain
elements of paleodiet (i.e. maize) can be
addressed in relation to the Ontario
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Iroquois. Schwarcz et al. (1985) used
stable carbon isotopes to establish a
chronology for the introduction of maize
into human diet in the Great Lakes
region and Southern Ontario. Further,
Schwarcz and Katzenberg have
developed a sequence of increasing
reliance upon maize in Southern Ontario
(Katzenberg 1984, 1989, 1992a, 1992b,
1993; Katzenberg and Schwarcz 1986;
Katzenberg et al. 1995; Schwarcz et al.
1985). The stable carbon isotope data
suggest a date around AD. 400 for the
introduction of maize to the diet of the
aboriginal peoples living in the area of
Southern Ontario. Charred maize kernels
and cobs have been recovered in an
archaeological context dated to
approximately AD. 700 (Schwarcz et al.
1985:197). The stable carbon isotope
data suggests a date earlier than
archaeological evidence. Katzenberg and
Schwarcz do not addr.ess the issues
related to the origins of agriculture and
the implications of their finding for the
current hypotheses related to the origins
of agriculture in Southern Ontario.
The early date of AD. 400
suggested by the stable isotope data
needs to be explained in relation to
current theories of the origins of
agriculture in Ontario. There has been a
long-standing debate in Ontario
archaeology as to the origins of the
Iroquois and thus agriculture. This debate
has focused upon the split between those
who advocate an "in situ" development
of the group of people now distinguished
as Iroquois and those who propose a
migration into the area from outside. The
uncertainty stems from understanding the
connection of the Early Iroquoian (Glen
Meyer and Pickering substages) to their
predecessors. The classificatory category
of Iroquoian is directly linked to the
adoption of a pattern of horticulture that
is semi-sedentary (Williamson
1990:276). The implication of the stable
isotope data is to suggest the presence of
maize in the diet of the people inhabiting
the area of Southern Ontario prior to the
date commonly associated with the
beginnings of the Iroquoian sequence.
The possibility then exists that the people
in the area of Southern Ontario were
hunters and gatherers who gradually
adapted to the practice of horticulture
over a period of several hundred years.
A consideration is that prior to
the adaptation of semi-sedentary
agricultural practices by the Iroquois, a
pattern of agriculture similar to that
suggested for Mesoamerica was
practiced. It has been argued in the
Meaoamerican literature that the process
leading to the adoption of sedentary
agriculture was one of minimal
.investment of time and labour with the
hope of a gain (Blanton et al. 1993:46).
The process can be described as planting
of "crops" in the spring then leaving on
the seasonal rounds only to return in the
fall with the anticipation of a harvest.
The group is not dependent upon the
harvest for survival, but rather uses the
harvest as a supplement to the wild pl~nt
and game resources being exploited.
From this early subsistence strategy
develops an increasing reliance upon
maize, with the establishment of year-
round settlements in close proximity to
the field and an increased investment of
labour in the "crop." A similar pattern
has been distinguished for the Iroquoian
groups in the established developmental
sequence from Glen Meyer and
Pickering through to the historical known
Iroquoian groups of Southern Ontario.
The low level of dependence
upon maize at the earliest stage would
make the possibility for the recovery of
organic materials (i.e. cob or kernel)
extremely difficult. The increasing
depen~ence upon maize results in a
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greater probability for the recovery of
carbonized plant remains to be
recovered. A further consideration is the
time depth of the earliest possible sites
where evidence has not been recovered.
The acidic nature of the soils in Ontario
result in very poor preservation of
organic remains and thus increases the
potential for the loss of such material
without being recognised. There is
currently work being done in relation to
carbon encrustation on ceramic vessel
sherds to recover phytoliths from com
and other plants (Finlayson 1999).
Carbon encrustation on ceramic vessels
trap phytoliths (silica particles) which
can be identified as particular plant
species. The addition of carbon
encrustation data to the available
techniques for the recovery of floral
material holds the potential of
confirming the earlier date for the arrival
of com to southern Ontario suggested by
the stable carbon isotope results.
Another consideration is that of
trade networks bringing in maize from
the south and thus serving as a visible
reflection in the stable isotope values of
the consumption of maize in the early
period prior to the adoption of
agriculture. The possibility of such an
influence is however highly unlikely.
The values obtained through stable
isotope analysis reflect a constant level
of consumption over a long period of
time. Trading relationships would result
in sporadic occasions in which maize
would be available rather than a
sustained availability of maize.
Stable isotope data cannot be
used to generate answers in the debate
related to the origins of the Iroquois and
agriculture in Ontario, but it can be used
to coax archaeologists to step outside the
bounded nature of the artificial
construction of archaeological cultures to
view the rigid archaeological record as a
reflection of the dynamic nature of
culture production and transformation.
The prevailing archaeological theory
implicitly assumes that culture is static
and unchanging and that for change to
occur there must be some stimulus to
affect change upon cultural practices
(Hodder 1985:1-2).
As distinguished in the previous
example, stable isotope data suggests a
gradual increase in the reliance of
aboriginal populations on maize into the
historic period. This increase has been
measured by Katzenberg et ai. (1995)
and translated into a percentage of total
diet consisting of maize. The percentage
of maize in a sample is achieved by
subtracting the 0 value of C3 from the 0
of the collagen, then adding the derived
isotopic composition of the diet (the
isotopic value of extracted collagen is not
identical to the isotopic composition of
diet and so must be calibrated by the
standard deviation). This value is divided
by the 0 value of C3 subtracted from the
o value of C4. This value is then
multiplied by one hundred to get a
percentage (Schwarcz et ai. 1985:189).
Beginning with the Early Ontario
Iroquois stage being characterised by
approximately 33+/-5% of the diet being
maize, the trend of increased reliance is
demonstrated through the Middle
Iroquois stage (50-56 %) and follows by
a decline into the Late Ontario Iroquois
stage (historic period).
The temporal variation in the use
of specific plants and plant types can
thus be established through the use of
stable isotopes through the dependence
upon those plants expressed in
percentage of total diet reflected in the
stable isotope values obtained.
Expanding upon the hypotheses used in
temporal variation, one can then address
issues of spatial variations in a given
study area.
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Schwarcz (1989) suggests that
spatial variations can be distinguished for
an area based upon the consideration of
dependence of a given population on
certain food resources. Christine White
has used carbon isotopes to varying
degrees in relation to the Maya sequence
(White 1988) and that of Teotihuacan
(Le Q. Stuart-Williams et al. 1996).
Spatial variation has not been addressed
by Schwarcz and Katzenberg in the
studies they have conducted with relation
to the Ontario Iroquois. The authors tend
to lump the historically distinguished
nations of the Iroquois in Southern
Ontario into a single classificatory group
rather than separate them into individual
units. The Jesuit Relations include the
categorization of particular tribal groups
as that of the Huron, Neutral, Petun and a
number of other groups in the area of
Southern Ontario (Thwaites 1901). It is
conceivable that each of these groups had
a unique subsistence strategy related to
the degree of dependence upon maize
agriculture. The risk of crop failure is
greater the further north one lives and
thus the broad geographic region called
Huronia could also result in a wide range
of variation within a single
culturally/politically defined group.
Representative samples from each group
are not included in the available research
and therefore anything further than a
simple notation is not possible at this
time.
A number of theoretical
considerations related to the applicability
of stable carbon isotope analysis to the
Ontario archaeological record have now
been addressed. Consideration must now
be given to the application of stable
isotope data by Katzenberg and
Schwarcz. There are a number of
critiques one can suggest to the
methodology used by Katzenberg and
Schwarcz.
To date, analysis has been limited
to skeletal materials from a burial
context. Neither of the authors addresses
the issue of context in relation to skeletal
material, however, and several
considerations should be addressed. The
use of burials is predicated upon the
assumption that the burial context
indicates residency in the community
associated with the burials. Random
human bone fragments could be the
result of warfare or other cultural
practices that would present the
possibility of the individual represented
not being from the village in which the
bone was recovered. Random fragments
have often shown signs of heating or
burning. Modification of random bone
fragments by burning causes a significant
degree of error (De Niro et al. 1987:6).
Primary burials do not pose a major
problem for such assumptions, however
ossuary burials and secondary burials
present some cause for caution.
Historically documented practices of the
Huron suggest a communal nature to
ossuary burials. The Feast of the Dead
(Thwaites: vol. 10, pp. 279-310) involves
a community or combination of
communities mixing the bones together
in a large pit at a feast that lasts several
days. Jesuits note one instance of two
French men being included in one of
these burials (Thwaites 1901: vol. 10, pp.
303-305). The problem becomes
immediately visible. The inclusion of the
French men will tend to skew the results.
Controls such as morphological evidence
can be enacted, but what of examples
that are not as evident? An example
could be that of an Algonkian hunter
with trade links to the maize
horticulturalists dying while on a trade
expedition and being included in an
ossuary prior to the abandonment of the
village. The carbon values for the bones
of the hunter will be significantly lower
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than those of the horticulturalists. These
types of problems cannot be controlled
for easily. Notation or exclusion of the
anomaly from the sample for the overall
comparison maybe necessary. A possible
solution would be oxygen isotope
analysis. Oxygen isotope analysis would
establish the residency or non-residency
of the bones being tested for ol3e values.
This type of analysis has been applied by
Le Q. Stuart-Williams et al. (1996) to
skeletal material recovered from
Teotihuacan and Oaxaca, Mexico to
distinguish ethnic groups within
Teotihuacan. The analysis of oxygen
isotopes and phosphates on human bone
would recognise individuals in the
assemblage that were not from the area
being examined. Oxygen isotope analysis
is dependent upon a number of variables
such as altitude and climate and so on.
Levels can be distinguished for a very
small geographic area and individuals
with levels outside of the normal range
for that area could be identified.
Historical records could be used to
determine the birthplace of the French
men in the assemblage. A range for that
area could then be obtained to determine
if indeed the bones are that of the French
men or from someone else (White 2000).
A second consideration is that of
an individual's age at the time of death
and the effect this may have on the
carbon values that are obtained from the
sample. The variables of sex and age
were not found to have a significant
effect upon the isotopic composition of a
small Ball site sample (Schwarcz et al.
1984:191). However, Ball site sample R
6 was noted to have an unusually high
value (-9.7%0) and further investigation
was called for by the authors. Ball site R
6 was from an infant 6-8 months old.
In 1993, Katzenberg et al.
published a paper dealing with a large
sample for a single site, the MacPherson
site (see Table 3). The study dealt with
intrasite variationat the MacPherson site,
a historic Iroquoian village. Katzenberg
et al. found that the age of the individual
was a factor in the values obtained.
Young children and infants were found
to have high values of ol3e (-6.8 to 12.3
0/00).In addition, the range of variation
was 5.5 0/00for those under the age of
two. Samples over age two had a
minimum of -12.20/00and a maximum of
-8.6 0/00,with a range of variation of 3.6
0/00 (Katzenberg et al. 1993:273).
Katzenberg et al. concluded that the
values (more widely divergent in infants
and the more negative values among the
older individuals) represent a significant
factor in the application of stable carbon
isotope analysis(Katzenberg et al. 1993).
Further, Katzenberg (1995) argues that
age changes stable carbon isotope values
in children five years and under
(Katzenberg 1995:339). The reasons for
the results obtained are not clear.
Katzenberg et al. speculate upon a
number of causes through the use of
historical analogy (see discussion section
of Katzenberg et al. 1993:276).
In light of the MacPherson stuqy,
the high value for Ball site R 6 (see
Table 2) can be approached. Ball R 6 is
the only individual in the sample under
the age of five, thus the only sample to
be affected by age. Sex of the individual
was not found to have a significant effect
upon the values obtained. Katzenberg et
al. note that slightlymore positive values
were obtained for males.
A third consideration is of the
effect of cultural modification upon ol3e
values. Stable carbon isotopic ratios of
bone collagen in relation to cultural
modification have been studied by De
Niro et al. (1985) and Marino and De
Niro (1987). De Niro et al. (1985) found
that the processes of cooking (i.e. boiling
or roasting) did affect ol3e values. The
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813C values were affected by
approximately 1 0/00 (De Niro et aI.
1985:1). De Niro et al. further concluded
that the temperature at which the
processing was undertaken had an effect.
The burning of bone or the cremation of
a body resulted in the values being
affected by 5 0/00 (De Niro et aI. 1987:1).
The conclusion reached by De Niro et al.
in relation to the shift in 813C values
argues that the shift created by boiling or
roasting is insignificant to the isotopic
ratios. The shift found in cases of
cremation and the burning of bone is
however felt to be significant and could
lead to significant error (De Niro et al.
1987:6).
Site Sample (1995) Value Mean dote Age
Monarch Knoll 1 -20.5 500 6-10
Surma 4 -18.4 700 ?
Surma 9 -18.5 700 ?
Surma 10 -18.3 700 ?
Surma 11 -15.6 700 18-21
Varden 1 19.1 920 ?
Varden 2 -19.5 920 ?
Varden 4 -19.4 920 ?
Varden 5 -19.6 920 ?
Varden 7 -19.2 920 ?
Varden 8 -19.4 920 ?
Varden 9 -19.5 920 ?
Varden 10 -19.5 920 ?
Varden 11 -19.0 920 ?
!Miller 5 -13.3 1152 ?
Miller 1#9 -14.6 1152 ?
Miller 1#6 -14.6 1152 ?
Miller 2#14 -14.4 1152 ?
Miller 3#18 -12.7 1152 ?
Force 1 -11.7 1240 ?
Force 2 -12.8 1240 ?
Bennett 1 -11.5 1275 ?
Woodbridge Or. 1 -11.3 1500 ?
Woodbrid1!e Dods. 2 -12.8 1500 ?
Woodbridge 2 -10.7 1500 ?
Table 2. Refinement of sample data for the period AD. 400 to AD. 1650
(adapted from Katzenberg et aI. 1995)
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Marino and De Niro's (1987)
analysis dealt specifically with
archaeobotanicals. The analysis deals with
the possibility of alteration of the isotopic
ratios through manipulations related to food
processing (Marino and De Niro 1987:537).
The experimentation by Marino andDe Niro
included boiling, roasting, fermentation,
liming, molding and carbonation of Zea
mays cobs, Helianthus annus seeds, Agave
americana leaves and Pachyrrhizus erosus
tubers (Marino and De Niro 1987:537). The
results of their experimentation were the
establishment of a principle of consistency
of 013C values between the unmodified and
modified samples. A further aspect of
cultural modification that does not appear in
the literature and should be considered is the
use of ash (parker 1968: 69; Tooker 1994:
185) by aboriginal populations to allow for
the digestion of maize and the effect this
process might have on isotope values.
Schwarcz notes that unaccounted-for
difference between modern and prehistoric 0
values of a food due to changes in
environment and lack of appropriate modern
analogues will lead to corresponding errors
in the values (Schwarcz 1990:203).
Schwarcz also warns that 0 values of
both foods and human tissues will be subject
to errors and uncertainties arising from such
factors as diagenesis [postmortem
alterations in the chemical constituents of
bone, both the loss of and increases to
biogenic concentrations (Sanford 1993:41)
of the tissue sample after burial, or
experimental errors in analysis of the tissue]
(Schwarcz 1990:203). A Serpent Mound
sample (I R 15) was excluded from
Schwarcz et al. (1985) due to possible
sampling error. Diagenetic alteration
involves intrinsic factors of the bone
composition: density, porosity, size and
chemical composition. Extrinsic factors
include pH, mineralogical characteristics,
organic composition, and texture of soil. In
addition, climatic variables and activities of
microorganisms have an effect upon isotopic
compositions of bone (Sandford 1993:42).
Studies of soil chemistry, specialised
analyses of human bone (i.e. use of an
electron microprobe) and comparative
osteological studies can be used to recognize
diagenesis. Efforts to circumvent diagenesis
include development of correction factors
and solubility profiles (Sandford 1993:43).
A further consideration is that of the
variability in values related to the skeletal
elements from which the sample has been
obtained. Schwarcz et al. (1985) address the
issue of skeletal elements in relation to the
Ball site material. Schwarcz et al. found
there was minimal intraskeletal variation.
The analysis warned that the vertebrae and
an ulna sample were depleted in 13C. The
use of a sample population that is uniform in
the skeletal element used is suggested by
Schwarcz et ai. (Schwarcz et ai. 1985:191).
Important to the discussion of the skeletal
element used is the Donaldson site cemetery
1 sample. The analysis of Schwarcz et al.
lists three samples for the Donaldson
cemetery though in the fine print one
discovers that the three samples are from a
single individual. This raises two questions:
Why are the values obtained not clustered
more closely (-18.9, -19.1 and -19.5)? And
also why the use of vertebrae if the study
warns of 13C depletion? The samples were
not from different skeletal elements,
therefore the argument of variation due to
skeletal element variation can be excluded.
The possibility that the vertebrae are in fact
not from the same individual is also
plausible, but it is not possible to address
such an issue here. A third possibility is that
of sampling error. The accuracy of the
values is placed within +/-0.1%0 by
Schwarcz et al. and there is no reason to
suspect the margin of error to be greater.
Perhaps then the range of variation is not
outside what can be expected within a single
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individual skeleton. Schwarcz et al. (1984)
have not identified the range of variation in
the Donaldson example as significant,
therefore it must be assumed they feel the
range of variation to be acceptable.
Apart from the skeletal element used
in the analysis, the presence of pathology
must also be noted. At the present time,
pathology has been demonstrated by White
(1999) to have an effect upon stable nitrogen
isotope values. This recognition leaves open
the possibility that in future studies
pathology can be demonstrated to have an
effect upon the carbon isotope value as well.
Another consideration is that of
sample size. Katzenberg and Schwarcz have
tested a vast number of samples that
crosscut the various substages (see
Appendices A and B) that currently order
the Ontario archaeological sequence. The
dates for sites analysed by Katzenberg and
Schwarcz range from approximately 2300
B.C. to AD. 1645. The range selected
attempts to contain within its limits the
transition from strictly hunter-gatherer
subsistence strategies to a dependence upon
maize horticulture for a significant
percentage of the aboriginal diet.
Katzenberg and Schwarcz identify the
period of AD. 400 to AD. 1645 as an
important time span in relation to the origins
and the growth of the importance of maize
in the diet of aboriginal peoples. However,
the range of variation in sample size for each
substage is inconsistent. Samples from the
historic period are numerous and range
across a number of Huron sites (one must be
aware that their treatment of spatial variation
suffers from the same affiliation) and
Neutral sites, several Pickering sites and one
Glen Meyer and one Middleport site (see
Table 3). The Ontario sequence suggested
by lY. Wright (1966) (modified by William
D. Finlayson 1998) argues for Early, Middle
and Late Iroquois traditions in Ontario. The
Late Ontario tradition is well represented in
Schwarcz and Katzenberg's research by
Woodbridge, Ball, MacPherson, Kleinberg,
Ossossane and Cooper sites. The Early
sequence is represented also by a number of
sites, Miller, Force, Bennett, and Serpent
pits. The Middle Iroquois tradition however
is represented by only one sample.
If one is to look closer at the number of
samples from each site, there is the
realisation that the Miller and Bennett sites
are represented by a single sample. Sample
size is an important part of any analysis and
must be suitably large to allow for improved
certainty when drawing conclusions. To cite
an example, pottery rim sherds are used in a
number of ways and it has been suggested
by MacNeish and others that a
representative sample must number more
than 200 (MacNeish 1952). For elemental
analysis this number is unreasonable, instead
5 samples per site would seem to be a
manageable number of samples. Katzenberg
argues that "bone· chemical analysis is
expensive, destructive and time consuming
- so in order to be worth while, it should
provide information unavailable through
more traditional analysis" (Katzenberg
1993:351). This argument would suggest
that a low number is manageable, but would
not compromise the accuracy of conclusions
reached. The samples that are extremely
small then must be noted and possibly
weighted in relation to those from which a
reasonable sample has been obtained, or set
aside for future use.
The process of laser ablation referred
to by White (1999) would appear to have the
potential to reduce the problem of
destructive nature of stable isotope analysis.
The small amount of sample taken in this
procedure would reduce the amount of
material of each specimen that had to be
destroyed. Related to the meager sample
size within the study area is the absolute
lack of data for surrounding cultural areas. A
survey of the literature related to stable
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carbon isotopes results in the discovery that
there is no comparable data for the
Algonquin people to the north of the Ontario
Iroquois or the St. Lawrence Iroquois people
to the east. The development of stable
isotope data for these two regions would be
beneficialto the Ontario material.
Comparison could be made then with these
other groups to look at how other
subsistence strategies are expressed
isotopically.
Site Sample (1993) Value Mean Date Age
MacPherson BA -10.9 1600 20-35 yrs
MacPherson BB -11.4 1600 middle age
MacPherson Be -10.2 1600 35-39 yrs
MacPherson BD -9.2 1600 18-2Oyrs
!MacPherson BE -10.8 1600 3-4 yrs
MacPherson BF -10.7 1600 44-59 yrs
!MacPherson BG -12.2 1600 30-47 yrs
MacPherson BH -10.0 1600 23-39 yrs
MacPherson H2B1 -8.6 1600 neonate
MacPherson H2B2 -11.5 1600 18-19 yrs
MacPherson H3B1 -10.2 1600 18-20 yrs
MacPherson H3B2 -9.2 1600 20 yrs
MacPherson H3B3 -9.0 1600 18-24 yrs
MacPherson H3B4 -8.8 1600 8yrs
MacPherson H4B1 -9.5 1600 young adult
MacPherson H4B2 -10.5 1600 40-44 yrs
MacPherson H4B3 -9.1 1600 6-7 mos
MacPherson H5B1 -8.6 1600 3-4 yrs
MacPherson H5B2 -8.0 1600 1-3 mos
MacPherson H5B3 -10.5 1600 6-7 mos
MacPherson H5B4a -9.4 1600 neonate
MacPherson H5B4b -10.1 1600 2mos
MacPherson H9B1 -10.5 1600 6-7 yrs
MacPherson H12B1 -6.8 1600 3-4 mos
lMacPherson H12B2 12.3 1600 12-16 mos
YJ acPherson H13B1 -12.1 1600 old adult
YJ acPherson H15B1 -10.9 1600 19 yrs
lv.acPherson H17B1 -10.7 1600 21-30 yrs
lv.acPherson H17B2 -8.9 1600 22-23 mos
Table 3. Sample data for MacPherson site related to sex and age variation in stable
carbon isotopes (adapted fromKatzenberg et ai. 1993)
Related to concerns of the
representation of the various traditions
recognised for the Ontario sequence is the
concern with the paucity of available
published materials on the skeletal samples
used and the sites from which they have
been obtained. There is a need to have
available information that demonstrates the
Totem: The University of Western Ontario Journal of Anthropology, Vol. 8 [2000], Iss. 1, Art. 6
http://ir.lib.uwo.ca/totem/vol8/iss1/6
cultural affiliation to others surrounding the
site. One example is that of the Force site
sample provided to Katzenberg by William
Fox. There are no published data on the
Force site other than four radiocarbon dates
that appear in an edition of KEWA (Fox
1978:3), the newsletter of the London
Chapter of the Ontario Archaeological
Society and the Archaeology of Southern
Ontario to A.D. 1650 (Williamson
1990:297, 309). Other lines of evidence
(Rim sherd analysis, lithic assemblage,
settlement patterns and so on) that support
the conclusion of the site being a Glen
Meyer site are not accessible to the reader to
allow for the critical evaluation of the
evidence.
One can also return to the example
of the two French men who were included in
the Ossuary burial mentioned in the Jesuit
Relations. The place name given in the
Jesuit relations for the location of the
ossuary is called Ossossane (Thwaites:Vol.
10, pp. 289), the same name that has been
given to one of the ossuaries used in
Schwarcz and Katzenberg (Schwarcz et al.
1985: 190). This issue is not addressed by
Schwarcz and Katzenberg in their paper, but
a reference to Kidd (1953) allows one to
explore the possibilities raised by suggestion
that this is in fact the ossuary used in the
events described by the Jesuit priest, Jean de
Brebeuf. The possibility is then that the wide
range of variation (-10.8%0 -13.00/00)found
in the Ossossane ossuary is related to the
fact that the representative sample includes
people from outside the local community.
Stable carbon isotope analysis holds
great potential for answering a number of
questions related to the diet of ancient
populations (as well as modem populations).
Questions such as the degree of dependence
of ancient populations on identifiable food
sources and the timing of the introduction of
such foods to the diet can be addressed
through stable isotope analysis. There are a
number of concerns that must be addressed
in relation to the applicability of stable
isotope analysis to a skeletal population
including the homogeneity of the sample
population represented. The homogeneity of
the sample population can be seen in terms
of whether the sample includes only those
who were born and lived in the area in
which their remains are recovered. The
homogeneity can also be seen as the samEle
population that is representing having 0 3C
values that show a consistent pattern across
age and sex groups. In addition, one must
look at the similarity that is present in the
defined area of study. In relation to the
example used in the current synthesis, stable
isotope analysis has yet to playa significant
role in Ontario archaeology like it has
elsewhere (such as Mesoamerica and the
Northeastern United States). The application
of the technique to the Ontario material has
supported the archaeological material
evidence related to some aspects of the
paleodiet of the Iroquois. There are gaps in
the analysis related to the Ontario Iroquois
that need to be addressed in future studies of
the sequence. The gaps include the small
size of some samples used, the non-
representation of the Middle Ontario
Iroquois tradition and need for published
materials related to the collection used in the
analysis for comparative purposes. There is
no available critique of the work being
produced by Katzenberg and Schwarcz in
the literature on stable isotope analysis in
Ontario. There is a degree of correction
made by the two authors related to purely
technical errors and oversight, but there
lacks a body of critical thought that
examines the ethnographic and
archaeological aspects of such an analysis.
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Site sample (1984) Value Mean Date Age
Morrison's Island R8 -21.1 2300+/-400 B.C Adult
Morrison's Is/and R9 -22.0 2300+/-400 B.C 25-35
Morrison's Island R 10 -19.2 2300+/-400 B.C 18-35
Donaldson V(1) BE.16 -18.9 555+/-25 B.C
Donaldson V(2) BE.19 -19.1 555+/-25 B.C Adult
Donaldson V(3) BE.28 -19.5 555+/-25 B.C
Donaldson RIA -19.9 5+/-7~ 18-21
Donaldson RGE -18.1 5+/-7e 18-20
'{)onaldson RGA -19.1 5+/-7e 20-25
evesconte Mound R 10 -22.1 175+/-se 30+/-5
evesconte Mound RA -22.1 175+/-55 Adult
evesconte Mound RB -22.0 175+/-55 Adult
evesconte Mound RC -21.3 175+/-55 Adult
erpent Mounds (E) R6 -20.4 205+/-9C Adult
Serpent Mounds (E) R34 -21.4 205+/-9C Adult
Serpent Mounds (E) R64 -21.7 205+/-9C old Adult
Serpent Mounds (G) R(1) 117 -21.3 400+/-100 50+
Serpent Mounds (G) R(2) 117 -21.5 400+/-100
Serpent Mounds (G) ROM -21.1 400+/-100 Old Adult
Serpent Mounds (I) R38 -20.6 400+/-100 50+
Serpent Mounds (I) R 15 -15.8 400+/-100 Adult
Serpent Pit 2 R -15.3 1170+/-12C Adult
Serpent Pit 2 R4 -14.5 1170+/-12C Adult
Serpent Pit 2 R7 -16.1 1170+/-12C Adult
Serpent Pit 3 R92 -17.9 129C Adult
Serpent Pit 3 R 105 -13.7 1290 Adult
Force R1 -12.1 1240+/-? Adult
Force R2 -13.1 1240+/-. Adult
!Fairly Ossuarv R1 -10.7 1350+/-SC Adult
!Fairly OssuaIY R2 -10.1 1350+/-SC Adult
airly Ossuarv R3 -12.2 1350+/-SC Adult
<=airlyOssuaIY R4 -12.3 1350+/-SC Adult
9all R1 -12.7 160C 8+/-1
9811 R2 -13.7 160C 46+/-4
9811 R3 -11.2 160C 11+/-1
9all R4 -12.1 1600 24+/-3
8all R5 -13.2 1600 32+/-4
8all R6 -9.7 1600 6-8 mos
KJeinburrT OssuaIY R2 -11.7 160C Adult
Kleinburrl OssuaIY R3 -12.2 160C Adult
KJeinburrl OssuaIY R4 -12.2 160C Adult
Kleinburg OSSUaIY R25 -12.7 160C Adult
Ossossane OssuaIY R8 -12.5 163E Adult
Ossossane OssuaIY R 11 -13.0 1636 Adult
Ossossane OssuaIY R 16 -12.6 1636 Adult
Ossossane OssuaIY R25 -10.8 1636 Adult
Cooper OssuaIY R1 -14.0 164e Adult
Cooper OssuaIY R2 -12.0 164~ Adult
Cooper Ossuary R2 -14.8 1645 Adult
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Site Minimum Maximum Mean Cultural Affiliation
"Morrison's -19.2 -22.0 -20.8 Laurentian Archaic
Tsland
Monarch -20.5 -20.5 -20.5 Point Peninsula M. Woodland
fCnoll
Donaldson 1 -18.9 -19.5 -19.2 Saugeen (Middle Woodland)
Donaldson 2 -18.1 -19.9 -19.0 Saugeen (Middle Woodland)
Levesconte -20.4 -22.1 -21.9 ~ddle Woodland
Mound
Serpent -20.4 -21.7 -21.2 lPoint Peninsula M. Woodland
MoundE
Serpent -21.1 -21.5 -21.3 Point Peninsula M. Woodland
MoundG
Serpent -15.8 -20.6 -18.2 Point Peninsula M. Woodland
Mound I
Surma -15.6 -18.5 -17.7 Princess Point
Varden -19 -19.6 -15.1 Princess Point
Miller -12.7 -14.6 -13.9 Pickering Early Iroquois
Serpent pit 2 -14.5 -16.1 -15.3 Pickering Early Iroquois
Serpent pit 3 -13.7 -17.9 -15.8 Pickering Early Iroquois
If!orce -12.1 -13.1 -12.6 Glen Meyer Early Iroquois
If!orce (1995) -11.7 -12.8 -12.3 Glen Meyer Early Iroquois
l)3ennett -11.5 -11.5 -11.5 Pickering Early Iroquois
Fairly -10.1 -12.3 -11.3 Middleport Middle Iroquois
Woodbridge -10.7 -11.3 -11.6 lHuron Late Iroquois
Ball -11.2 -13.7 -12.1 lHuron Late Iroquois
MacPherson -8.8 -12.2 -10.4 Neutral Late Iroquois
Adult
MacPherson -6.8 -12.3 -7.1 Neutral Late Iroquois
neonate -
5vrs
Kleinburg -12.2 -12.7 -12.2 Neutral Late Iroquois
Ossossane -10.8 -13.0 -12.2 Historic Neutral
Ossuary
Cooper -12.0 -14.8 -13.6 Historic Neutral
Ossuary
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